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（1）基于文献报道的U-X (X: Pb, Sn, Ru, Re), Pu-X (X: Pb, Ru, O)和Th-X (X: 
Re, O) 各个二元系的热力学参数和实验相图信息，首次优化与计算了U-X (X: Pb, 
Sn, Ru, Re), Pu-X (X: Pb, Ru, O)和Th-X (X: Re, O) 共计9个二元系的相图。根据本
研究所得的热力学参数，可以计算该系列二元系的相图及相关热力学性能。 
（2）基于文献报道的U-Mo-X (X: Cr, Nb, Ti, V, Zr), U-B-X (X: Cr, Fe, Mo, W), 






研究报道，初步建立了包括U, Pu, Th, Al, B, C, Co, Cr, Cu, Fe, Mg, Mn, Mo, Nb, Ni, 





















Nuclear energy is an important kind of new energies, and it is an important 
guarantee for the secure and highly efficient operation of the nuclear reactors. Nuclear 
fuel element ( nuclear fuel + cladding) materials are the vital part of nuclear materials. 
However, due to the rigorous restriction of the experimental conditions for the nuclear 
fuel element material, the traditional trial and error method is not useful for the 
investigation of the nuclear fuel element materials. In order to design high-powered 
nuclear fuel element material, knowledge of phase diagrams and thermodynamic data 
of the involved systems are crucially necessary. Based on the Calculation of Phase 
Diagram (CALPHAD) method, thermodynamic calculation and optimization on the 
systems consisting of common elements used in nuclear fuel element materials are 
carried out, and the thermodynamic database for nuclear fuel element materials is 
built, which is described as follows: 
(1) Thermodynamic description of the U-X (X: Pb, Sn, Ru, Re), Pu-X (X: Pb, Ru, 
O) and Th-X (X: Re, O) binary systems were firstly optimized by using the 
CALPHAD method based on critically evaluated experimental data. Phase diagrams 
and thermodynamic properties can be calculated from the obtained thermodynamic 
parameters in this work. 
(2) Based on the critically evaluated experimental data, the U-Mo-X (X: Cr, Nb, Ti, 
V, Zr), U-B-X (X: Cr, Fe, Mo, W), U-C-X (X: Al, B, Fe, Si), U-Cr-Nb, Fe-Nb-Zr and 
Fe-Sn-Zr ternary systems were firstly assessed according to the experimental data.  
And by combining with the optimized parameters of binary systems, the Fe-Nb-Sn, 
Nb-Sn-Zr, U-Th-O and U-Pu-O ternary systems were extrapolated for the first time. 
Phase diagrams and thermodynamic properties can be calculated based on the 
obtained thermodynamic parameters in this work. 
(3) By combining the optimized systems in this work and literature, the 
thermodynamic database of nuclear element materials was built, which included U, 














and Zr. And the application of the database for the nuclear fuel element is discussed in 
this work. 
The information included in this database is huge, the stable and metastable phase 
diagrams, thermodynamic properties and simulated solidification process of alloys 
can be calculated based on the database. Such information can provide important 
theoretic evidence for design of nuclear fuel and cladding materials. 
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这意味着届时约占全国总装机容量的 4%。这需要在今后 10 年期间新开工建设
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